Interactions between cetacean species are common events that can lead to the formation of mixed-species groups, which have been reported in both captive and wild odontocetes. However, mixed groups containing Indo-Pacific humpback dolphin (Sousa chinensis) and the finless porpoise (Neophocaena phocaenoides) rarely have been seen, and detailed interactions between these 2 species have been limited. For the first time, this paper describes wild Indo-Pacific humpback dolphins assisting a finless porpoise (N. p. sunameri) calf in Xiamen waters, China. A group of 8 humpback dolphins amicably herded a finless porpoise calf for more than 3 h. The humpback dolphins accompanied the finless porpoise calf and took turns pushing the calf out of the water to breathe. This paper provides a detailed behavioral description of these interactions, and we discuss the potential causes of this event.
Indo-Pacific humpback dolphins (Sousa chinensis) are found from northern Australia to southeastern China, throughout shallow, coastal waters of the western Pacific and the Indian oceans to South Africa (Jefferson et al. 1993) . Along the Chinese southeast coast, 5 year-round, resident populations of humpback dolphins are found, i.e., the Xiamen population, the Western Taiwan coastal population, the Pearl River delta population (including Hong Kong and western Pearl River estuary), the Leizhou Bay population, and the Guangxi coastal population (Wang 1965; Wang and Sun 1982; Parsons 1998; Huang and Liu 2000; Jefferson and Hung 2004; Wang et al. 2004; Zhou et al. 2007; Chen et al. 2008; Xu et al. 2012) . In 1988, the humpback dolphin was listed as grade I on the Chinese National Key of Protected Animals and was listed under the Chinese Red List of Endangered and Threatened Wildlife and Plants in 1994. Xiamen waters are tributaries of the Jiulong River in the south of Fujian Province in China and are one of the important habitats for humpback dolphins. On the basis of field surveys conducted in the mid-1990s and in 2008, population abundance was estimated to be 60-79 individuals; most occurrences have been observed in Tongan Bay and West Harbour (Huang and Liu 2000; Chen et al. 2008) , which are designed as the 2 core areas of the Xiamen National Nature Reserve for the Indo-Pacific humpback dolphin. Probably because of feeding demands, humpback dolphins seldom appear beyond the boundary of the Kinmen-Tadan-Wuyu island chain. The majority of their life history, such as feeding, breeding, and calf-rearing, occurs within this island chain (Wang 1965; Huang and Liu 2000; Fig. 1) .
Humpback dolphins occur year-round in this area. Several other cetacean species, such as false killer whale (Pseudorca crassidens), ginkgo-toothed beaked whale (Mesoplodon ginkgodens), Bryde's whale (Balaenoptera edeni), pantropical spotted dolphin (Stenella attenuata), bottlenose dolphin (Tursiops truncatus), southern bottlenose dolphin (Tursiops aduncus), Risso's dolphin (Grampus griseus), and the finless porpoise (Neophocaena phocaenoides), also have been reported in Xiamen waters. These species are probably seen here during their transit of the East China Sea (Huang and Liu 2000) . According to the stranding cases of finless porpoise, w w w . m a m m a l o g y . o r g 1123 both subspecies N. p. sunameri and N. p. phocaenoides have been found in Xiamen waters (Huang and Liu 2000) .
Contrary to the distribution pattern of humpback dolphins, finless porpoises are mainly distributed outside the KinmenTatan-Wuyu island chain, and they seldom enter harbors (Huang and Liu 2000; Xu et al. 2012 ; Fig. 1 ). The difference in ecological niches between humpback dolphins and finless porpoises is considered to be due to food preference and species competition. Therefore, it is unusual for these 2 allopatric species to form mixed groups. The only exception observed was reported by Xu et al. (2012) , when a finless porpoise swam with a group of humpback dolphins in Xiamen waters. However, the authors did not provide detailed descriptions of the behavioral interactions between these 2 allopatric species.
Mixed-species interactions have been reported in odontocete cetaceans both in captivity (Wood 1953; Terry 1984; Sylvestre and Tanaka 1985) and in the wild (Norris and Prescott 1961; Perrin et al. 1973; Saayman and Tayler 1973; Jefferson et al. 1991; Shane 1995; Shelden et al. 1995; Bearzi 1996; Ross and Wilson 1996; Herzing and Johnson 1997; Orr and Harwood 1998; Psarakos et al. 2003) . Generally, dolphins and porpoises may come into conflict in the wild due to their ecological niche differentiation. For example, bottlenose dolphins have been reported to attack harbor porpoises (Phocoena phocoena) in the Moray Firth, Scotland (Taylor 1995; Ross and Wilson 1996) . Due to their larger body size, intuitively, humpback dolphins would be considered the likely aggressor of finless porpoise and finless porpoise would be expected to exhibit avoidance behavior (Parsons 1998) . However, our study describes for the first time observations of wild Indo-Pacific humpback dolphins assisting a finless porpoise calf to breathe in Xiamen waters, China.
MATERIALS AND METHODS
The observations were performed during a boat-based field survey of Indo-Pacific humpback dolphins in Xiamen waters (Fig. 1) . During the survey, systematic data collection was carried out through scanning, focal following, photographing, and ad libitum behavioral sampling by 2 trained observers, and a data recorder. Further details of the survey procedures are described by Parra (2006) First, a group of 5 humpback dolphins (1 spotted juvenile, 2 spotted subadults, and 2 spotted adults, see below) was sighted and then a finless porpoise calf was observed among the group. Because humpback dolphin and finless porpoise are often spotted in different habitats in Xiamen waters (Huang and Liu 2000; Xu et al. 2012 ), a mixed group of these 2 allopatric species was unexpected. Therefore, this special and unusual scene was tracked for further observation, photographing, and video recording.
Behavioral observations were performed by 1 trained observer using the naked eye, assisted with 7 3 50 binoculars (Navigator, Bayreuth, Bavaria). ''Focal animal'' and ''continuous recording'' methods were used for surface behavioral observation (Martin and Bateson 1993) . Age classes, group size, behavioral categories, social behavioral interactions, and environmental information were also recorded. The weather conditions for observation were excellent, with the sea state equivalent to Beaufort 1-2 and good visibility. The geographical positions of the tracking route were registered at 10-min intervals by using a handheld global positioning system (GPS; Garmin, Kansas City, Kansas). All GPS positions were plotted on a digitized chart in software ArcView GIS 3.3 (ESRI 2013) to map the activity area of the mixed-species group. Water depth was also measured using a handheld depth sounder (PS-7 LCD Digital Sounder Hondex, Toyohashi, Honshu) at 10-min intervals.
Because underwater visibility was generally poor in the study area owing to high sediment, it was not possible to conduct any underwater observations. Therefore, behavioral observations were limited to what the animals were doing above and near the water surface. During the tracking observation period, researchers tried to maintain the survey vessel (a 13-m wooden boat with inboard motor) at least 50 m away from the main group (defined as the porpoise accompanied by at least 2 dolphins) to avoid any disturbances to the animals.
Photographs of the humpback dolphins and the finless porpoise were taken by an observer using a Canon camera (EOS 1D Mark IV, Tokyo) fitted with a 100-400-mm lens. Humpback dolphins were individually identified using surface photoidentification (photo-ID) techniques that rely on the natural marks on their dorsal fins, flukes, and spot patterns. According to the 6 age stages (i.e., unspotted calf, unspotted juvenile, spotted juvenile, spotted subadult, spotted adult, and unspotted adult) described in Jefferson and Leatherwood (1997) and Jefferson (2000) , each individual dolphin was placed into an age stage on the basis of its size, external morphology, color pattern, and behavior. All identified individuals were compared with the Xiamen photo-ID database of humpback dolphins, housed in the Third Institute of Oceanography, State Oceanic Administration, China.
Videos were taken by the data recorder using a handheld Sony camera (HVR-Z7C, Tokyo) and Sony digital videocassettes. Videos were subsequently replayed at one-quarter speed, and together with the photographs, provided the data for detailed behavioral and social interaction analyses. The term ''interaction'' is used herein to denote any activity between the humpback dolphins and the finless porpoise calf during which they came into proximity, no matter whether there was a change of their behavioral direction (see Jefferson et al. 1991; Wedekin et al. 2004 ).
RESULTS
The observation was carried out on 24 March 2012, lasting more than 3 h, from 0815-1120 h. Observations ceased when the sea state changed to Beaufort 3-4. The original GPS location of the sighting was 24830 0 36 00 N, 118814 0 15 00 E, and the activity area of the mixed-species group was about 1.9 km 2 ( Fig. 1) . Water depth of the activity area ranged from 7.8 to 17.4 m, with an average depth of 12.7 m (n ¼ 18). The entire Tongan Bay was also surveyed the following day, but neither humpback dolphin nor finless porpoise was sighted.
Characteristics of the humpback dolphins and finless porpoise calf.-In all, 8 humpback dolphin individuals (1 unspotted juvenile, 2 spotted juveniles, 2 spotted subadults, and 3 spotted adults) were confirmed in the group on the basis of both on-site observations and subsequent photograph analysis. When comparing photographs with the Xiamen humpback dolphin photo-ID database, all 8 individuals were identified and resighted during subsequent field surveys in 2010-2011; they were encoded as XM0012, XM0013, XM0022, XM0025, XM0027, XM0032, XM0041, and XM0050, respectively.
According to the observations and photograph-IDs, the porpoise was N. p. sunameri, as there was a distinct low and narrow dorsal ridge covered with 3-4 rows of tubercles on the back (Wang 1996 ; Fig. 2 ). The body length of the porpoise was estimated to be 80-85 cm on the basis of visual observation in proximity (approximately 3 m away) and its length relative to the adult humpback dolphin. Therefore, the porpoise was judged a calf because finless porpoises are approximately 70-80 cm at birth (Jefferson et al. 1993 ) and because of the swimming posture and behaviors described below. There were no obvious scars, notches, or teeth marks on its body (Fig. 2) .
Behavioral description of the humpback dolphins and finless porpoise calf.-During the entire observation, the finless porpoise calf was always situated in the center of the humpback dolphin group, and the dolphins swam slowly around the porpoise in a dense cluster. Humpback dolphins showed a strong aggregative effect according to normal social interactions. Some individuals (single, 2, or 3 individuals together) occasionally left the main group for a short time, and reassembled with the main group later. For instance, at 0918 h 3 humpback dolphins left the main group, and surfaced approximately 300 m away to form a subgroup. These 3 dolphins swam fast relative to the others in the main group, and obvious predatory behavior was observed (individuals were observed surfacing with unidentified fish species in their mouths). At 0925 h, the subgroup reassembled with the main group. The dolphins and porpoise did not show any apparent reactions to the survey vessel and sometimes took the initiative to swim toward and across the survey vessel's path.
The most significant behavior of the humpback dolphins was pushing the porpoise calf out of the water for breathing (Fig.  3) . Photographs and video analyses showed that individuals XM0013, XM0022, XM0027, XM0032, and XM0050 carried the porpoise calf on their backs. Especially with XM0027, which always swam with the porpoise, the pushing-out behavior was common (16 times in 150 min). The dolphins surfaced more frequently and stayed longer above or near the water surface compared with their typical respiratory rhythm and social behaviors. No aggressive behaviors (such as rapid dashing, lunging, chasing, charging, jumping, pressing, headto-head posture, or open-mouth threat) were observed throughout the observation period.
When breathing without the pushing-out behavior from humpback dolphins, the finless porpoise calf surfaced quickly and with a high body position relative to normal surfacing posture, i.e., putting the head at a 60-808 angle to the water surface (Fig. 4) . At 0934 h, the porpoise calf left the main dolphin group and swam alone toward the survey vessel, then stopped at a distance of approximately 3 m from the survey vessel; its head scanned the vessel for about 7 s, and then it swam back to the main dolphin group at 0938 h. No conflict was observed, with this activity lasting about 4 min. During this period, the porpoise swam slowly, but the pectoral fins and flukes swung fast, close to water surface, with a swimming posture that was jerky and labored. The calf's swimming behavior seemed clumsy compared with normal finless porpoise swimming. Except for the 4-min swim alone, the porpoise calf swam next to the dolphins' side and surfaced with the same respiratory rhythm of the dolphins. The mixed group of dolphins and the porpoise calf were still swimming together when we stopped the observation. 
DISCUSSION
Humpback dolphins and finless porpoise have habitats that overlap in the Arabian Gulf (Preen 2004) and in the Beibu Gulf (Xu et al. 2012) ; however, in Hong Kong and Xiamen waters, habitats of these 2 species are significantly separated, with finless porpoises mainly distributed on the outskirts of the humpback dolphin's range (Parsons 1998; Huang and Liu 2000; Xu et al. 2012 ). To our knowledge, mixed groups containing humpback dolphins and finless porpoises are rarely observed. The only exception is Xu et al. (2012) , who reported a finless porpoise that swam with a group of humpback dolphins in Xiamen waters. The present study adds to Xu et al. (2012) and is the first report that provides a detailed behavioral description of the interactions between wild humpback dolphins and a finless porpoise calf.
Cetaceans are among the animals that often form temporary, interspecific mixed groups (Herzing and Johnson 1997; Garcia et al. 2000; Herzing et al. 2003; Psarakos et al. 2003; Stensland et al. 2003; Quérouil et al. 2008 ). However, in most cases, interspecies interactions in cetaceans result in conflict. Aggression and avoidance behaviors are not uncommon across delphinid species; chasing, pushing around, forcibly submerging, sexually harassing, jaw clapping, body charging, openmouth threats, and head-to-head postures have been described across delphinid species (Wood 1953; Caldwell and Caldwell 1966; Overstrom 1983; Herzing 1988; Ostman 1991; Edwards and Schnell 2001; Acevedo-Guiterrez et al. 2005) . Competition for prey has been proposed to explain the violent attacks among delphinid species. In general, the larger species dominate the smaller ones (Corkeron 1990; Shane 1995; Ross and Wilson 1996; Clua and Grosvalet 2001) .
Despite violent aggressive interspecific interactions, some noninterference behaviors have also been reported among cetaceans. The pantropical spotted dolphins and spinner dolphins (Stenella longirostris) often swim within 3-10 m of each other, but they tend to stay within their own conspecific groups (Psarakos et al. 2003) . In Algoa Bay of South Africa, humpback dolphins always form a visibly distinct subunit on the periphery of bottlenose dolphin groups; humpback dolphins seem to follow bottlenose dolphins, apparently feeding on the outskirts of the bottlenose dolphin group and somewhat behind them; if they are on the same feeding ground at the same time, they usually remain on opposite sides of the feeding ground and do not mix (Saayman and Tayler 1973) .
Several hypotheses have been proposed to explain interspecific associations among cetaceans. The adaptive value of a mixed-species group could include improved food-finding capability, which is corroborated by the fact that mixed-species groups are found more often in offshore waters, where the prey often aggregate in larger schools (Norris and Dohl 1980; Wells et al. 1980; Scott and Chivers 1990) ; object play-both wild and captive delphinids are known to carry animate objects (such as seaweed, sea grass, fish, or sea cucumbers) and inanimate objects (such as plastic toys, sponges, or pieces of coral) on their rostra, melons, fins, and tail flukes for playing (Brown and Norris 1956; Caldwell 1956; Slouten and Dawson 1994; Mann and Smuts 1999; Miles and Herzing 2003) ; sexual interactions -Forestell et al. (1999) reported that bottlenose dolphins approached and herded a female Guiana dolphin (Sotalia guianensis) in an attempt to mate in Costa Rica. Hybrids between odontocetes have been reported from male Guiana dolphin 3 female bottlenose dolphin in captivity (Caballero and Baker 2010) , female bottlenose dolphin 3 male long-beaked common dolphin (Delphinus capensis) in captivity (Zornetzer and Duffield 2003) , and female Dall's porpoise (Phocoenoides dalli) 3 male harbour porpoise (Phocoena phocoena) in the wild (Willis et al. 2004 ); alloparenting-a female Atlantic spotted dolphin (Stenella frontalis) was observed tending a bottlenose dolphin calf (Herzing and Johnson 1997) and a common dolphin (Delphinus delphis) caring for a bottlenose dolphin calf (Bearzi 1996) . However, according to the behavior patterns of humpback dolphins and the finless porpoise calf reported in the present study, none of these hypotheses except the last one seems reasonable.
Delphinid species are considered to be one of the most intelligent and sentimental animals. The carrying of a dead calf for a long period by bottlenose dolphins (Harzen and Santos 1992; Fertl and Schiro 1994) , rough-toothed dolphins (Steno bredanensis; Lodi 1992), and Risso's dolphins (Palacios and Day 1995) has been considered as a manifestation of epimeletic (or care-giving) behavior. Also, humpback dolphins carrying a dead calf have been observed in Hong Kong (Parsons 1998) and Xiamen waters (Huang and Liu 2000) . Succourant behavior is a subcategory of epimeletic behavior wherein care and attention is directed toward animals in distress (Caldwell and Caldwell 1966) . The only reported anecdotal example of this behavior is reported from Hong Kong, where a group of Indo-Pacific humpback dolphins, including a distressed male, were observed in a shallow bay near the village of Tai O. The group accompanied the distressed male for a whole morning until it died and beached (Parsons 1998 To some extent, the behavior of humpback dolphins herding a finless porpoise calf described herein was similar to the situations described by Parsons (1998 ), Wang (1999 , and Huang and Liu (2000) in which humpback dolphins assisted distressed dolphins and carried dead calves. The interaction between humpback dolphins and the finless porpoise calf could be considered a kind of care-giving behavior due to the following reasons: the pushing-out behavior of humpback dolphins was similar to the situations of carrying newborn and dead calves, since the humpback dolphins took turns pushing out the finless porpoise calf to the water surface for breathing (Fig. 3) ; no obvious scar, notch, or teeth marks was seen on the porpoise calf, so there was no indication of aggressive behaviors toward the calf. In contrast, the humpback dolphins seemed calm and swam slowly, unlike the situations of carrying dead calves in which humpback dolphins appear jumpy and agitated, with asynchronous, uncoordinated, and punctuated swimming; and the dolphins accompanied the porpoise calf in a tight cluster for more than 3 h (and possibly longer), with only 1 exception when the porpoise calf temporarily left the main humpback dolphin group for about 4 min, but actively reassembled into the main group later without conflict. All these behaviors indicate that the interactions between the humpback dolphins and the finless porpoise calf could be a kind of alloparental care-giving behavior.
It is unclear why the finless porpoise calf was herded by humpback dolphins, but it is reasonable to assume that the porpoise calf might have been separated from its mother due to an accidental event, possibly caused by ship traffic. Traffic in Xiamen waters is considered to be the main threat to the humpback dolphin and other cetaceans in this area. Once the humpback dolphin group encountered the finless porpoise calf, they seemed to treat it as a calf of their own species. Arguably, the alloparental care-giving behavior between Indo-Pacific humpback dolphin and finless porpoise calf is interesting as it provides evidence contrary to the competitive exclusion between 2 allopatric species.
